All reflection intensities were measured at 100(2) K using a SuperNova diffractometer (equipped with Atlas detector) with Cu Kα radiation (mirror optics, λ = 1.54178 Å) under the program CrysAlisPro (Version 1.171.36.24 Agilent Technologies, 2012). The program CrysAlisPro (Version 1.171.36.24 Agilent Technologies, 2012) was used to refine the cell dimensions. Data reduction was done using the program CrysAlisPro (Version 1.171.36.24 Agilent Technologies, 2012). The structure was solved with the program SHELXS-97 (Sheldrick, 2008) and was refined on F 2 with SHELXL-97 (Sheldrick, 2008) .
Analytical numeric absorption corrections based on a multifaceted crystal model were applied using CrysAlisPro (Version 1.171.36.24 Agilent Technologies, 2012). The temperature of the data collection was controlled using the system Cryojet (manufactured by Oxford Instruments). The H atoms were placed at calculated positions using the instructions AFIX 23, AFIX 43, AFIX 123 or AFIX 137 with isotropic displacement parameters having values 1.2 or 1.5 times Ueq of the attached C atoms. The structure is mostly ordered. The phenyl group C21→C26 is found to be disordered over two orientations, and the occupancy factor of the major component of the disorder refines to 0.665(16). The crystal lattice also contains some lattice pentane solvent molecules that are found to be disordered over two orientations, the occupancy factor of the major component of the disorder refines to 0.668 (4) . , 2012) . The temperature of the data collection was controlled using the system Cryojet (manufactured by Oxford Instruments). The H atoms were placed at calculated positions (unless otherwise specified) using the instructions AFIX 23, AFIX 43 or AFIX 137 with isotropic displacement parameters having values 1.2 or 1.5 times Ueq of the attached C atoms. The H atoms attached to the water molecule (O1) were found from Fourier difference maps, and their coordinates were refined freely (the O−H bond distances were restrained within acceptable ranges using the DFIX instructions). The structure is disordered. A part of the ligand N2→C26 and the two counterions are found to be disordered over two orientations. The occupancy factors of the major components of the disorder refine to 0.536 (7) , 0.823(5) and 0.646 (7) , respectively. Analytical numeric absorption corrections based on a multifaceted crystal model were applied using CrysAlisPro (Version 1.171.36.32 Agilent Technologies, 2013). The temperature of the data collection was controlled using the system Cryojet (manufactured by Oxford Instruments). The H atoms were placed at calculated positions using the instructions AFIX 23, AFIX 43 or AFIX 137 with isotropic displacement parameters having values 1.2 or 1.5 times Ueq of the attached C atoms. The structure is mostly ordered.
The part of the ligand N1→C15 is disordered over three orientations. The sum of the three occupancy factors was constrained to be equal to 1 (using the SUMP instruction), and these occupancy factors refine to 0.582(3), 0.312(3) and 0.106 (2) . The asymmetric unit contains one uncoordinated lattice THF molecule whose occupancy factor refines to 0.643 (4) , and this molecule was treated as ordered.
Furthermore, some unresolved electron density − i.e., most likely some small amount of (disordered) lattice solvent molecules is also found in the asymmetric unit. This contribution has been taken out in the final refinement (SQUEEZE details are provided in the CIF file). The structure is mostly ordered. One of the two perchlorate counterions is found to be disordered over two orientations, and the occupancy factor of the major component of the disorder refines to 0.583 (6) . 
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MHz) ("s" denotes peaks due to residual hydrogen atoms in the solvent; * indicates THF impurity in the Cu(I) precursor). There are a few small but distinctive changes in the VT-1 H-NMR spectra of 1, but these can be ascribed to simpler dynamic behavior (as is well known for copper ion complexes). 1-7 (i) A rapid interchange process, with delegation of the S(thioether) atom, would result in the observation of inequivalent proton resonances for the N-CH 2 CH 2 -Smoiety at lower temperatures (exhibiting a clear doublet) but collapse to a singlet at RT, as observed, (gray region). As an aside, the blue region highlights the signal(s) for the N-CH 2 -pyridyl moiety, where a typical geminal coupling results in a doublet signal for the two hydrogen atoms now in inequivalent chemical environments, due to copper(I) coordination. This methylene group is a simple singlet in the 1 H-NMR spectrum of the free DMM ESE ligand. 
CO Binding of Copper(I) Complexes and Electrochemical Comparisons
To obtain further insights into the solution state behavior of copper(I) complexes, examined ligand-Cu(I)-CO infrared spectra and ligand-Cu(II) electrochemical behavior. Both of these techniques afford information concerning the relative amount of electron donation provided to the copper(I) ions as a function of the ligand sets studied here. Cu(I)-CO complexes were in situ by bubbling excess CO (g) into acetonitrile solutions of 1, 2 and 3 and IR spectra were recorded. The IR spectra revealed ν CO vibrations at 2089, 2090 and 2090 cm -1 respectively (see Table S2 ). These values are almost identical to those of both [(ESE)Cu I (CO)] + and [(TMPA)Cu I (CO)] + , where the potentially tetradentate TMPA (tris-2pyridylmethyl)-amine) ligand provides only tridentate (i.e., N 3 ) coordination. 8, 9 Thus, we propose that all three N 3 S chelates studied here behave as "tridentate" donors in the presence of CO in solution, with the thioether not coordinated, which explains the thus indicating similar electronic environment of the copper complexes as indicated by IR spectroscopy.
However, there is some variation in the effective electron density at copper ion in these complexes, as shown by their electrochemical behavior in CH 3 CN (via cyclic voltammetry, Table S2 ). 8 The reduction potential for the three DMM derived ligands are similar and approximately 110 mV lower than ESE, which contains pyridine donors due to the increased donor strength of the p-methoxy group leading to more negative Cu II /Cu I redox potentials (Table S2 ). The slightly more negative E ½ value for 1a compared to 2a and 3a indicates that the ethylthio arm of 1a is a marginally better donor than the thiophenyl-type arms in 2a and 3a. However, after 30 min. we see a very small amount of bis-mu-oxo complex 2 O forming, i.e., the conversation is starting to occur. But it is very slow, and so warming to -120 °C, shown is (c), shows the nearly complete conversion of 2 P to 2 O , but notice that there always remains some amount of 2 P , even after long times. This behavior can only be ascribed to an equilibrium process, where perturbing the system by warming, there is a shift from mostly or nearly all 2 P to mostly 2 O . Figure S19 ) demonstrate that transperoxo dicopper(II) complex 2 P and bis-µ-oxodicopper(III) species 2 O , are in (dynamic) equilibrium. In (a), both complexes are unstable, and have already decomposed (with loss of their characteristic chargetransfer bands) following oxygenation and recording of a first spectrum (on the benchtop), ~10 s later. In (b), (c) and (d), both 2 P and 2 O form but to a small extent (but more is formed as the temperature is lowered), and then decompose. It is apparent that the ratio of 2 O to 2 P changes with temperature. In (e) this conclusion is even more apparent; in the first spectrum recorded (at -135 °C) (blue spectrum), there is a large amount of trans peroxo formed, and almost no 2 O is present (λmax = 388 nm), but with time, ~ 2 hours, 2 P is depleted at the expense of 2 O . And at this temperature no decomposition is apparent over this time period, as is seen in those spectra recorded at higher temperature, spectra (a)-(c). . From group theory considerations, the asymmetric ν Cu-O is forbidden in the anti isomer and allowed from the syn isomer due to the lower symmetry of its Cu 2 O 2 core, see reference ** for details. If we assume that 1 P only contains the syn and anti isomers, the additional vibrations observed in the 16 O 2 spectrum could arise from a Fermi resonance with an un-observed vibration. With this assumption, we favor an assignment of two ν O-O at 818 cm -1 and an 803 cm -1 (spit into two vibrations at 799 and 806 cm -1 ), one symmetric ν Cu-O at at 551 cm -1 (split into 561 and 547 cm -1 ), another symmetric ν Cu-O at 532 cm -1 , and an asymmetric ν Cu-O at 502 cm -1 (split into 508 and 495 cm -1 ). These assignments are consistent with the appropriate intensities, energies, and isotope shifts of each band relative to the 18 O 2 spectrum and those of previously characterized end-on peroxo complexes. However, the presence of an additional molecular species cannot be ruled out. Additionally, the isotope insensitive Cu-N amine vibration is observed at 418 cm -1 . 
